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Abstract 



We present the A-hyperon global polarization in Au+Au collisions at y^ijvjv = 62 GeV and 
200 GeV measured with the STAR detector at RHIC. The observed A-hyperon global polarization is 
consistent with zero, what is in agreement with recent measurements of A global polarization, as well as 
0(1020) and K*°(892) vector mesons spin alignment with respect to the reaction plane. The possible 
dependence of the global polarization on relative azimuthal angle between the orbital momentum of 
the system and the hyperon 3-momentum is discussed. The corresponding systematic uncertainty due 
to detector acceptance is found to be less than 20%. 
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1 Introduction 

Particles produced in non-central relativistic 
nucleus-nucleus collisions are predicted to be glob- 
ally polarized along the direction of the system's 
orbital angular momentum, perpendicular to the 
reaction plane [TJ [2J, E] . The origin of this global 
polarization is in the transformation of the orbital 
angular momentum into the particle's spin due to 
spin-orbital coupling. Among different observable 
consequences of this effect are the hyperon's global 
polarization and global spin alignment of vector 
mesons. 

The global spin-orbital transformation can hap- 
pen at various evolution stages of the system and its 
observation can provide important information on 
the hadronization mechanism and the origin of par- 
ticle's spin. One specific scenario for such spin-orbit 
transformation via the polarized quark phase is dis- 
cussed in pQ. Assuming that the strange and non- 
strange quark polarizations, P s and P q , are equal, 
in the particular case of 'exclusive' parton recombi- 
nation scenario [T], the values of the global polar- 
ization Pjj for A, S, and 5 hyperons appear to be 
similar to those for quarks: Pji = P q — 0.3. At the 
same time, the predicted global spin alignment of 



vector mesons is defined by terms proportional to 
higher quark polarization powers, P^ [3]. Recently 
more realistic calculations [4] of the global quark po- 
larization were performed within a model based on 
the HTL (Hard Thermal Loop) gluon propagator. 
The resulting hyperon polarization was predicted 
to be in the range from —0.03 to 0.15 depending on 
the temperature of the QGP formed. 

Preliminary results of A-hyperon global polar- 
ization, 0(1020) and IT" (892) vector meson's spin 
alignment with respect to reaction plane were re- 
cently presented O [7] . In this paper we present 
the results for A-hyperon global polarization in 
Au+Au collisions at v / saF/v=62 and 200 GeV as a 
function of A transverse momentum and pseudora- 
pidity measured with the STAR (Solenoidal Tracker 
At RHIC) detector. 



2 A global polarization 

A global polarization can be determined from the 
angular distribution of its decay products with re- 
spect to the system orbital momentum L: 
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where P A is the A global polarization, a A = 
-0.642 ± 0.013 8J is the A decay parameter, 9* is 
the angle between the system's orbital momentum 
L and the 3-momentum of A's decay products in 
the A's rest frame. 

The observable used in the A global polarization 
measurement is derived in [5J: 

= — <sin(0;-* R p)>. (2) 

Here </>* is the azimuthal angle of the anti-proton's 
3-momentum, measured in A's rest frame. Angle 
brackets in this equation denote averaging over the 
solid angle of anti-proton's 3-momentum in A's rest 
frame and over all directions of the system orbital 
momentum _L, or, in other words, over all possible 
orientations of the reaction plane. 

In this paper, A particles were reconstructed from 
their weak decay topology, A — > pir + , using charged 
tracks measured in the STAR main TPC (Time 
Projection Chamber) [5]. The reaction plane an- 
gle in Eq. [5] is estimated by calculating the so- 
called event plane flow vector Q ep QUI E] ■ This 
first-order event plane vector was determined from 
charged tracks measured in two STAR Forward 
TPCs [H]. 

3 Results 

Figures [T] and present A-hyperon's global polar- 
ization as a function of A pseudorapidity and trans- 
verse momentum. Black circles (red squares) show 
the result of the measurement for Au+Au colli- 
sions at yi]vlv=200 GeV (62 GeV) with the STAR 
detector. Within statistical errors no deviation 
from zero has been observed. The pt-integrated 
global polarization result is dominated by the region 
< 3 GeV, where measurements are consistent 
with zero. The constant line fits for the A-hyperon 
global polarization as a function of pseudorapidity 
give: P- K = (1.7 ± 10.7) x 10~ 3 for Au+Au collisions 
at a/sat at=200 GeV (centrality region 20-70%) and 
P A = (-17.3±11.0) x 10~ 3 for Au+Au collisions at 
y/sN~N=62 GeV (centrality region 0-80%). These 
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Figure 1: (Color online) Global polarization 
of A-hyperons as a function of A pseudorapid- 
ity. Black circles show the results for Au+Au 



collisions at y / sjvjv=200 GeV (centrality re- 
gion 20-70%) and red squares indicate the re- 
sults for Au+Au collisions at y / ijvjv=62 GeV 
(centrality region 0-80%). Only statistical er- 
rors are shown. 

results are consistent with those from A-hyperon 
global polarization measurements [5J . 

4 Acceptance corrections and 
systematic uncertainties 

The derivation of Eq. [2] assumes a perfect recon- 
struction acceptance for A-hyperon. For the case 
of non-perfect detector one has to correct results 
by detector acceptance function [15] : 

M P ?, V «)= 4 -J d ^ d ^A( PH , P ;)sin9;. (3) 

Here dtl* — dej)* sin 9* d9* is the solid angle of the 
hyperon decay products' 3-momentum p* in the 
hyperon rest frame; p# (4>h) is the hyperon 3- 
momentum (azimuthal angle), and A (pff,p*) is a 
function to account for detector acceptance. For the 
A-hyperons reconstructed with STAR detector, this 
function is found to follow the same pseudorapid- 
ity and transverse momentum dependence as for A- 
hyperon [13j . and corresponding corrections are es- 
timated to be less than 20%. Similar to A-hyperon 
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Figure 2: (Color online) Global polarization 
of A hyperons as a function of A transverse 
momentum. Black circles show the results for 
Au+Au collisions at ^/snn~200 GeV (cen- 
trality region 20-70%) and red squares in- 
dicate the results for Au+Au collisions at 
V s Jvjv=62 GeV (centrality region 0-80%). 
Only statistical errors are shown. 

results |13j , the admixture from A directed flow to 
the global polarization measurement is found to be 
negligible. 

Another type of correction is from possible de- 
pendence of the hyperon global polarization on the 
relative azimuthal angle between the direction of 
hyperon's 3-momentum and the system orbital mo- 
mentum L. For the perfect detector the observable 
in Eq. [3] gives an average of the global polariza- 
tion over this relative azimuthal angle. This can 
be shown by expanding the global polarization as a 
function of {<pH — ^ rp) in a sum (due to the symme- 
try of the system only even harmonics contribute): 
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PP (Pf > V B ) cos{2n[^ - * flP ]}. 
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Global polarization averaged over all possible values 
of (<pH — *&rp) will be given by: 



Ph{p?,V H ) = Ph{^h-^rp,P?^ H ) (5) 
For the case of an imperfect detector, the observable 



in Eq. [3] will be proportional to P^ and contains 
the additive admixture of higher harmonic terms, 
namely Pjp (compare with Eq. 4 in [13]): 
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For the perfect acceptance this leads to observable 
in Eq. [21 where under Ph {P\) one have to under- 
stand P^P . According to Eq. P]p is the average 
of global polarization over relative azimuthal angle 
between hyperon's direction and the system's or- 
bital momentum L. 

Due to the non-uniform detector acceptance, 
Eq. [5] contains two different contributions. First 
one is defined by acceptance correction function 
Aq(p™ ,r\ H ) in Eq. [3) Deviation of this function 
from unity (perfect detector) affects the overall 
scale of the measured global polarization. The con- 
tribution from the second term is proportional to 

(2) 

P^j and defined by the function: 

M{ P ?,f) = ~/^f^w;)><(7) 

x sin 0* cos [2(<p H ~ 4>* p )] ■ 

For perfect acceptance this function is zero. Taking 
into account that the background contribution to 
the A and A invariant mass distribution is less than 
8%, the value of function A^ip^ ,r) H ) can be ex- 
tracted directly from the experimental data by cal- 
culating (sin 9* cos [2((f>H — 40] ) f° r A and A can- 
didates. The result of such calculations is presented 
in Figure [3] Assuming that different terms in ex- 
pansion ((J) are of the same order of magnitude, 
the corresponding corrections from the admixture 
of pffl (Pt 1 ^ 11 ) to the A and A's hyperon global 
polarization measurement are found to be less than 
20%. 

Feed-down effects, spin precession, uncertainty of 
reaction plane angle reconstruction procedure for 
the A-hyperon global polarization measurement has 
been discussed in [IS]. Based on the similar study, 
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tematic uncertainty due to detector acceptance in 
the A and A global polarization measurements is 
found to be less than 20%. 

Combining results of this measurement and those 
from [B], an upper limit of |PaaI < 0.02 for the 
global polarization of A and A hyperons within 
STAR's acceptance is obtained. The obtained up- 
per limit is far below the few tens of percent values 
discussed in pQ , but it falls within the predicted re- 
gion from the more realistic calculations [I] based 
on the HTL (Hard Thermal Loop) model. 
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Figure 3: (Color online) Integral J7) as 
a function of A (black circles) and A (red 
squares) transverse momentum (top) and 
pseudorapidity (bottom) . 



the overall relative uncertainty in the A global po- 
larization measurement due to detector effects is 
found to be less than a factor of 2. 



5 Conclusion 

The A-hyperon global polarization has been mea- 
sured in Au+Au collisions at center of mass en- 
ergies yJKT^=62 and 200 GeV with the STAR 
detector at RHIC. Within uncertainties we ob- 
serve no significant deviation from zero of the A 
global polarization. The possible dependence of the 
global polarization on relative azimuthal angle be- 
tween system's orbital momentum and hyperon's 
3-momentum is discussed. The corresponding sys- 
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